Abstract. In this work we propose a monitoring methodology through image processing. The images are collected, in situ and from time to time at the same time samples are collected and are measured analytically, in our case the growth of the microorganism. Using the Fourier Transform with the objective of searching for patterns that can be correlated to the analytical measures of concentration of the microorganisms. The results were, from the point of view of the correlations found between the data, satisfactory. We can conclude that the methodology is feasible, but it needs improvements.
Introduction
Currently, there is a growing need to produce biofuels, depending on several aspects, among them: fossil fuels are finite; their use contributes to environmental pollution and worsening global warming. The production of many liquid or gaseous biofuels is via fermentation processes. It is possible to optimize the production of these biofuels by improving the yields of the fermentation processes [1] .
The fermentation processes are monitored, mainly, analytically (taking from time to time samples of the medium) or even in a visual way by practical operators. In order to obtain greater efficiency of these processes, studies have been developed with the objective of monitoring in real time (on-line) and on-site (in situ) concentration values that can be used to control and optimize the process, prevent infections in the middle, among other possibilities [2] .
The Fourier transform is a mathematical tool that makes it possible to determine the contribution of each sine and cosine function present in a time series to the total energy of this series. Often a periodic function can be represented by simple periodic functions, namely, cosine and sine, in the form of a series called the Fourier series of the function. Fourier analysis transforms a stochastic time series into a sum of sine and cosine frequencies. This analysis is able to quantify the variables associated with a given frequency or period.
Thus, the objective of this work was to develop a methodology to associate the obtained analytical data of growth of the microorganism in a fermentative process with those obtained by means of Fourier transform.
Materials and Methods

Mathematical Reasoning
Signals (time series of data, for example) to be processed and analyzed have some mathematical tools. The Fourier series represents a signal by sinusoidal functions of different frequencies. The Fourier Transform takes a signal from the time domain to the frequency domain [3] .
The Fourier transform is one of the techniques used in signal processing. When applying the Fourier Transform becomes a signal of the space domain (time) for the frequency domain [4] . The function of this transformation is defined as: In order to solve this problem, the Fourier Window Transform arises (Gabor, 1946) . In this case, an observation window is shifted' in the time domain and the Fourier transform of the visible portion of the signal is calculated for each position of the window. If j(t) is the function that has the role of the window, we define the Fourier Window Transform of a continuous signal f(t) such as: (2) It may be that the signal needs to vary the width of this window in order to detect the local content of the frequency [5] .
Experiments
The purpose of this work is to propose a methodology for the monitoring of the fermentation process through image processing, as mentioned. The images were collected from time to time. Samples were also collected from time to time in the bioreactor and the concentration of microorganisms was analyzed analytically to compare the two results. For the collection of the images a microscopic digital USB camera with amplification, manually adjustable, of 50x or 500x was used. Being regulated at 500x and the focus established visually. The camera resolution of 640x480 pixels and the images were stored in JPEG format with 85% compression. JPEG to CSV format conversion was done using the Python program [2; 6; 4].
Discontinuous fermentations were performed to obtain the growth data of the desired microorganism. Each of the discontinuous fermentations was conducted with an initial volume of 4.0 L, the culture medium of these fermentations being of the synthetic type, with glucose as the substrate. The initial glucose concentration used in the fermentations was 70 g/L.
The microorganism used in the growth tests was Saccharomyces cerevisae seca, used for baking activities, obtained from the trade. The initial concentration of yeast used in each of the fermentations was 6.0 g/L in dry mass, which equals 20 g/L in wet mass. The microorganisms were not reused in the fermentations, that is, with each new fermentation, previously unused microorganisms were added. A BIOSTAT® B reactor was used for the conduction of the discontinuous fermentations. And, three trials were performed.
Quantification of Microorganisms. The quantification of Saccharomyces cerevisae from the fermentation medium was done gravimetrically. Gravimetric quantification using graduated centrifuge tubes. Immediately after centrifugation, the total volume of centrifuged sample was read, and the total volume of decanted volume was obtained by volume percentage of yeast from the medium [8] .
Results and Discussion
With the volumes decanted in the centrifuge tubes, the cell concentration values found in each assay were calculated, these results being shown in Figure 1 .
In the fermentative test 1, there was a large flocculation of the yeast, causing it to form large lumps in the culture medium. Yeast flocculation is a relatively common occurrence in many situations. However, this flocculation makes sampling difficult, because with such a situation, we have fewer yeasts dissolved in the middle. Unwanted fluctuations in the value of cell concentration may also occur, as some of these lumps may be sucked up by the sampler [9] . It is noteworthy that the fermentative test 1 also presented intense foam formation, which is another factor that hampers the sampling, in addition to the presence of yeast flakes in this foam. Assays 2 and 3 occurred without flocculation and foaming was not as intense as that observed in Test 1. No problem was noted in the course of these two fermentation tests. For the monitoring of the fermentation process via image processing, the following images were obtained, shown in figure 2. For each photo the Fourier transform was applied, working with the 50x65 lower frequency components and using only the magnitude of the coefficients. Linear interpolation of the analytically measured values was performed. Thus, the correlation with the proposed coefficients was evaluated. Finally, we searched for which component of the transform presented a greater linear correlation, aiming to maximize the correlations found in each of the three experiments. That is, multiplication alongside the correlations found in each experiment of given coefficient. E It was found that the best component is 16x23, with a correlation of, respectively for each experiment, 0.9405277, 0.7755029, 0.9155267 [10; 11] . With this, the curves of the ones presented in figures 3, 4 and 5 were obtained. Several functions were applied to correlate with the analytical values of the resulting matrices. Among them is the sum of each element, greater element, smaller element and determinant. Being the same applied in the transform of each image and forming a time series by type of function used
Conclusions and Suggestions for Future Work
From the figures 3, 4 and 5, it is possible to conclude that the method is promising for On line analysis of concentrations of microorganisms in a fermentation process. If we continue to search for better correlations between images and analytical concentration data, we will find even better correlations than those presented in this paper. This is what we will do in the future and it is also a suggestion of future work.
In this work, only the time series of growth of the microorganism was used, in other works, one can use the analytical data and the images for the concentration of products and substrates. It is probable that the methodology of image processing is close to that developed in this work.
